This article has an accompanying continuing medical education activity, also eligible for MOC credit, on page e87. Learning Objective-Upon completion of this activity, successful learners will have clear recognition about the classification of red and processed meat and the different effects in different genders and geographic area.
associations between red and processed meat consumption and PC risk remain inconclusive. 6 To our knowledge, only 1 meta-analysis 7 on this association has been reported worldwide, in which 11 studies published up to 2011 were included but with serious questions. 8 Furthermore, many high-quality studies have appeared during the last 5 years (approximately), and an updated meta-analysis of the literature could clarify the impact of these recent studies.
Therefore, we conducted an updated systematic review and meta-analysis with the following objectives: (1) to provide an update including more sufficient epidemiologic evidence published up to February 2016 on the association between red and processed meat consumption and PC risk, (2) to further examine red and processed meat consumption in relation to PC risk according to gender, and (3) to evaluate the dose-response relationship between red and processed meat consumption and PC risk.
Methods

Selection Criteria
Selection criteria were as follows: histologic features that were not consistent with the diagnostic gold standard were excluded; data that were incomplete or that could not be combined were excluded; narrative reviews, systematic reviews, and meta-analyses, comments, case reports, editorials, and studies in which only the abstract could be obtained were excluded; we selected the most recent studies, the largest samples, and the highest quality studies when finding reports with the same patients; white meats and total meats without distinguishing red or processed meat were excluded; the language of all studies was limited to English; and the studies were limited to those involving humans.
Search Strategy
We searched PubMed, EMBASE, and the Web of Science for studies published from inception through February 2016. The following search terms were used: "meat", "beef", "pork", "lamb", "mutton", "veal", "bacon", "ham", "sausage", "salami", "hot dogs", "diet/dietary", and "food/foods" in combination with "pancreatic disease/ cancer/carcinoma/adenomas/adenocarcinoma", "gastrointestinal/digestive/alimentary", and "neoplasia/ carcinogenesis/tumorigenesis". The reference lists of the included studies were also searched manually to identify additional literature. Authors were contacted directly to request additional data and definitions. The 2 sets of keywords were combined individually, and the eligibility criteria were independently judged by 2 authors (Zhanwei Zhao and Zifang Yin).
Study Quality
The study quality was assessed by using the Newcastle-Ottawa Scale (NOS). 9 The NOS is judged on 3 factors including the elucidation of the exposure or outcomes of interest for case-control or cohort studies, the selection of the study populations, and the comparability of the populations. Two researchers (Zhanwei Zhao and Zifang Yin) independently assessed the quality of the studies. The range of NOS is 0-9 stars, and a high-quality study achieves 7 or more stars. 9, 10 Data Extraction A data extraction sheet was generated for each study and included the first author, year of publication, country, study type, study population, study period, method of dietary assessment, type of dietary exposure measured, dietary exposure categories, adjusted odds ratios (ORs)/risk ratios (RRs) (95% confidence interval [CI] ) (highest to lowest), adjusted variables, and NOS score (Supplementary Tables 5 and 6 ).
Statistical Analysis
Random-effects models were used to quantify the relationships between red and processed meat consumption and PC risk. The method described by Greenland et al 11 was used for the dose-response meta-analysis. Only studies that reported the RRs with their corresponding 95% CIs for at least 3 quantitative exposure categories were included. The median or mean level of red and processed meat consumption for each category was assigned to each corresponding RR for each study. When the data were not reported, the midpoint of the upper and lower boundaries in each category was assigned as the average consumption. When the highest category was open-ended, we assumed the open-ended interval to be the same as that of the adjacent interval. 12 If the lowest category was open-ended, we assumed the lowest boundary to be 0. 13 The best-fitting models were used to examine the potential nonlinear dose-response relationships between red and processed meat consumption and PC risk.
Heterogeneity among the studies was detected by using Q (P < .1 was considered representative of statistically significant heterogeneity) and I 2 statistics (I 2 < 50% was considered to indicate low heterogeneity).
14 Publication bias was assessed by using funnel plots, Begg's test, and Egger's test (P < .1 was considered to indicate significant publication bias). 15 Sensitivity analyses were conducted to investigate the influence of a specific study on the pooled risk estimate by removing 1 study in each turn.
RevMan5.3 (The Cochrane Collaboration, Oxford, UK) and STATA version 12.1 (STATA Corporation, College Station, TX) software were used for data synthesis and analysis.
Results
Study Characteristics and Quality Scores
Twenty-eight studies met the eligibility criteria and provided 44 separate estimates (red meat, 24; processed meat, 20) of the relationships between red and processed meat consumption and PC risk (Figure 1 ). The quality scores ranged from 6 to 9.
Red Meat
Highest vs lowest consumption. Sixteen cohort studies and 8 case-control studies were included, and a randomeffects model yielded the results that there were statistically significant results (RR, 1.38; 95% CI, 1.05-1.81; Supplementary Figure 2 ) for cohort studies.
Dose-response analysis. Thirteen cohort studies were included, and the results of 1.11 (1.03-1.19) suggested that PC risk increases by 11% for each 100 g/day increase in red meat consumption. Furthermore, we checked for nonlinearity of the dose-response relationship between red meat consumption and PC risk, and the evidence showed that the best-fitting model was a nonlinear model (P ¼ .03 for nonlinearity; Supplementary Figure 2A) .
Heterogeneity. There was significant heterogeneity (P < .01, I
2 ¼ 52%) of the included cohort studies. Subgroup analyses showed that the differences in RRs were not significant except for geographic area, quality score, and family history of PC (Supplementary  Table 1 ). Meta-regression analyses showed that geographic area was a significant factor of the observed heterogeneity between cohort studies, potentially accounting for 19% of the heterogeneity (Supplementary  Table 3 ).
Publication bias. The funnel plot (Supplementary Figure 3A) Figure 3 ) for cohort studies.
Dose-response analysis. Eleven cohort studies were included, and the results suggested that a 50 g/day Processed meat consumption and PC risk in women. Negative relationship was found between red meat consumption and PC risk (P ¼ .18). Positive relationship was found in men (P < .01) but not in women (P ¼ .88). SE, standard error.
increase in processed meat consumption is not associated with a significant increase in PC risk (P ¼ .90). In addition, we checked for nonlinearity of the dose-response relationship between processed meat consumption and PC risk, and the evidence showed that the best-fitting model was nonlinear (P ¼ .01 for nonlinearity; Supplementary Figure 2B) .
Heterogeneity. There was significant heterogeneity (P ¼ .02, I
2 ¼ 51%) among the included cohort studies. Subgroup analyses showed that the differences in RRs were not significant except for geographic area. Meta-regression analyses also showed that geographic area was a significant factor of the observed heterogeneity between cohort studies, potentially accounting for 35% of the heterogeneity (Supplementary Table 3 ).
Publication bias. The funnel plot (Supplementary Figure 3B) 18 Subgroup analysis according to gender. Eight cohort studies for men and 6 cohort studies for women were included. The results (Supplementary Table 4 , Figure 3 ) indicated that processed meat consumption was associated with PC risk in men (RR, 1.18; 95% CI, 1.06-1.31) without heterogeneity (P ¼ .43, I
2 ¼ 0%) but not in women (RR, 0.99; 95% CI, 0.84-1.16) without heterogeneity (P ¼ .76, I
2 ¼ 0%).
Discussion
The continuous update report of the World Cancer Research Fund 2012 on PC stated that the evidence about the role of red meat and processed meat was judged as "limited" of an increased risk because of the inconsistent evidence. Our results that are based on more sufficient epidemiologic evidence provided more detailed evidence that high consumption of red and processed meat increases PC risk in case-control studies, whereas no overall association is observed in cohort studies. Furthermore, our findings are consistent with current dietary guidelines and reinforce the adverse role that high consumption of red and processed meat increases PC risk in men but not in women in cohort studies. Overall, the detailed findings further highlight the relationships between red meat and processed meat consumption and the risk of PC.
Several potential mechanisms may contribute to the effects. First, the positive relationships between red and processed meat consumption and PC risk in case-control studies and in men may be biologically plausible. Heterocyclic amines (HCAs) and polycyclic aromatic hydrocarbons (PAHs) are considered carcinogens 10 and are believed to play an important role in the etiology of PC. 4 Red and processed meat is a major dietary source of carcinogens such as HCAs (DiMeIQx, MeIQx, and PhIP) and PAHs (BaP), especially when barbecuing, frying, and grilling. 16 In addition, lower absolute intake of meat and meat-derived carcinogens in women than in men 19 and men preferring to consume fried, barbecued, or grilled meat more than women 18 may contribute to the different results according to gender. Dietary N-nitroso compounds (NOCs), which are considered a risk factor for cancers, 20 also form during red and processed meat cooking and preserving processes. 17 However, tobacco smoking is the main route of human exposure to NOCs. 7 Thus, we further performed subgroup analyses according to smoking status adjusted or not to explore the relationships. Commendably, all the included cohort studies and most of case-control studies modified this adjustment, and subgroup analyses suggested that the relationships between red and processed meat consumption and PC risk were positive in case-control studies but negative in cohort studies. Second, genetically controlled differences may contribute to the relationships. Mutations in the BRCA2 gene have been reported to be associated with PC susceptibility, accounting for 6% of PC families. 21 Notably, family history of PC is among the main risk factors for this disease. 22 Thus, we further explored the adjustment of family history of PC by using subgroup analyses, and the results suggested that the relationship was positive for red meat consumption but negative for processed meat consumption. Finally, evidence associated with hormones has found possible mechanisms. High red meat consumption increases diabetes risk, 23, 24 which may be linked to insulin sensitivity 25 ; furthermore, diabetes has been considered one of the main risk factors for PC. 26, 27 Thus, we conducted subgroup analyses to exclude the influence of diabetes, and the results of cohort studies indicated that red and processed meat consumption did not contribute to the increased PC risk.
Study Strengths and Limitations
Our study has several strengths. The first strength was the large and substantial sample size, which provided the most reliable and robust evidence to date and increased the statistical power of the analysis. Second, we estimated the separated effects according to study design and gender and performed subgroup analyses according to potential confounding factors of the included studies and the main adjustments of PC. These independent detailed data increased the significant power of the analysis and provided more detailed evidence of reference significance for dietary guidelines concerning PC worldwide. Third, studies were identified from 16 countries in America, Europe, and Asia, which increased the statistical generalizability. Fourth, a dose-response analysis was conducted to assess these associations rather than simply performing categorical comparisons. Finally, the authors of the articles were contacted directly to request additional data and definitions, somewhat reducing publication bias.
However, several limitations of the present metaanalysis must be considered. First, the included studies were observational, and residual confounding and unmeasured factors cannot be excluded. Nevertheless, most included studies were adjusted for potential confounders including sex, age, energy intake, body mass index, physical activity, smoking, alcohol use, and family history of diabetes mellitus. Furthermore, we performed subgroup analyses that were based on the main adjustment for confounders. Generally, our findings were similar to the overall pooled estimates and were consistent for each of the subgroup analyses. Yet, most of the included studies in relation to PC lacked information concerning family history of PC. In addition, red and processed meat consumption is often associated with a higher fat intake, a fact that should not be ignored. Furthermore, production methods, storage conditions, and the cooking and preparation of red and processed meat might have differed between the included studies. Therefore, our results should be interpreted carefully because of these potential confounding factors.
Second, our analyses showed significant heterogeneity among the studies, which may be related to the study design, publication year, number of cases, geographic region, method of exposure measurement, quality score of the study, classification of meat consumption, and other confounders. Part of our data derived from case-control studies, and many included case-control studies provided exposure information obtained after cancer diagnosis, which may be subject to inaccurate measurements of dietary consumption and recall bias. Thus, the overall results of cohort studies and case-control studies could not be combined, and we provided the separated estimates according to study design. Furthermore, we performed subgroup analyses to avoid the influence of confounders and used meta-regression analyses to explore sources of heterogeneity. However, the range from the lowest to highest categories varied, and the consumption levels of red and processed meat between the lowest and highest categories differed between the included studies. Heterogeneity was observed mainly in the overall analysis comparing the highest versus lowest consumption of red and processed meat, which can be explained, at least in part, by the different categories of meat consumption. Thus, we used random-effects models to account for heterogeneity.
Third, we did not perform analyses for subtypes of red and processed meat. In addition, because our results are based on the diagnosis of PC only, the available data should not be used inattentively to analyze other pancreatic lesions such as pancreatic intraepithelial neoplasia and pancreatic benign tumors.
Finally, despite meeting the eligibility criteria, the quality of several of the included studies was not high, and the sample size of several studies regarding our topic was not large (Supplementary Table 3 ). However, the subgroup analyses of quality score and sample size addressed these issues.
Conclusions
The present analysis provided evidence that red and processed meat consumption was positively associated with PC risk in case-control studies, whereas no overall association was observed in cohort studies. Notably, red and processed meat consumption may increase PC risk in men but not in women. 2 value for heterogeneity within each subgroup; P h , P value for heterogeneity between subgroups; P o , test for over effect. P s , P value for heterogeneity within each subgroup. 
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